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(57) ABSTRACT

The invention relates to an electronics module (100) for
power control. The electronics module (100) comprises a
carrier element (102), which has at least a first power switch

clement (104) with a first cooling surtace (106) and a second
power switch element (108) with a second cooling surface
(110), a heat sink (126), and a cooling plate (122), which
connects the first cooling surface (105) and the second
cooling surface (110) to one another as well as to the heat
sink (126) 1 a thermally conductive manner, when the
clectronics module (100) 1s installed.

20 Claims, 2 Drawing Sheets
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ELECTRONIC MODULE FOR POWER
CONTROL AND METHOD FOR
MANUFACTURING AN ELECTRONIC
MODULE POWER CONTROL

RELATED APPLICATIONS

This application claims the benefit of priority under 335

U.S.C. § 119(a) of German Application No. 10 2018 2035
243 .3, filed Apr. 9, 2018, the content of which 1s incorpo-

rated herein by reference in 1ts entirety.

FIELD

The present mnvention relates to an electronics module for
power control and a method for producing an electronics
module for power control.

DESCRIPTION OF RELATED ART

A major challenge 1n the production of electronics mod-
ules, e.g. for transmission or power control i vehicles, 1s the
increasing miniaturization of electronic components. There
1s a desire to obtain more power 1n increasingly smaller
installation spaces, resulting in high demands in terms of
heat dissipation.

For an eflicient heat dissipation, the components can be
coupled to a heat sink via heat conducting intermediate
clements.

SUMMARY

Based on this, the present invention creates an improved
clectronics module and an 1improved method for producing
an electronics module according to the independent claims.
Advantageous embodiments can be derived from the depen-
dent claims and the following description.

The approach described herein 1s based on the knowledge
that by thermally coupling a group of power switch elements
of an electronics module, e.g. MOSFETs, to a common
cooling plate, a heat dissipation can be obtained in the
cooling plate, in which the regions between the individual
power switch elements can also be used for heat dissipation.
As a result, more heat can be dissipated than with techno-
logical solutions in which each power switch element has a
separate dedicated cooling plate.

An electronics module for power control that has the
following features 1s presented:

a carrier element that has at least one first power switch
clement with a first cooling surface and a second power
switch element with a second cooling surface;

a cooling element; and

a cooling plate, that connects the first cooling surface and
the second cooling surface to one another, as well as to the
cooling element 1n a thermally conductive manner, when the
clectronics module 1s 1nstalled.

An electronics module can be a module for controlling a
transmission, 1n particular a vehicle transmission, or a power
clectronics module. A carrier element can be a printed circuit
board, for example, also referred to as a circuit board or PCB
(Printed Circuit Board). The carrier element can be popu-
lated with electronic components on one or both sides,
depending on the embodiment. A power switch element can
be an electronic switch, e.g. a MOSFET or some other
semiconductor power switch. In particular, the first and
second power switch elements can be outputs of an amplifier
circuit. The first and second power switch elements can be
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connected 1n parallel to one another. The first and second
cooling surfaces can be surface sections of a surface of the
first and second power switch elements facing away from
the carrier element. A cooling plate can be a plate made of
a material with comparatively high thermal conductivity, 1in
particular a metal plate, e.g. a copper plate or a plate made
ol some other appropriate metal. The cooling plate can also
be a composite of different materials. A heat sink can be
understood 1n general to be an element that functions as a
cooling element, which can absorb and discharge heat
particularly well, due to 1ts geometry or the nature of its
materials. By way of example, the heat sink can be a housing
for the electronics module or at least a section thereof. The
heat sink can also be a separate component, e¢.g. a transmis-
sion component or some other part of a vehicle that func-
tions as a heat sink. The heat sink can also be a metal insert
that can be placed 1n an injection molded component.
According to one embodiment, the first power switch

clement and/or the second power switch element can be a
MOSFET, IGBT, or a thyristor. Additionally or alternatively,

the first and second power switch elements can be connected
to one another in parallel. This embodiment enables an
ellicient power control with the most compact possible
structural size of the electronics module.

According to another embodiment, the cooling plate can
be at least mostly made of copper, and/or comprise copper
as the main component. By way of example, the cooling
plate can be a copper plate or piece of copper sheet metal.
Alternatively, the cooling plate can be made of an alloy
containing copper. As a result, a more eflicient heat dissi-
pation 1s obtained with comparatively low production costs.

The electronics module according to another embodiment
can be a connecting element that has a filler material with a
predefined thermal resistance. The connecting element can
be designed to connect the cooling plate and the heat sink to
one another in a thermally conductive manner when the
clectronics module 1s installed. A filler material can be a
so-called gap filler, for example, with pre-defined mechani-
cal and chemical properties; by way of example, the filler
material 1s selected on the basis of these properties. The
connecting element can be film, plate, or paste. As a result
of this embodiment, the efliciency of the heat dissipation can
be further increased.

The electronics module can also have an electrical insu-
lating layer, designed to connect the connecting element and
the heat sink to one another in a thermally conductive
manner when the electronics module 1s 1nstalled. An 1nsu-
lating layer can be understood in general to be a heat
conducting, but electrically insulating layer. The insulating
layer can be applied, at least 1n part, to the surface of the heat
sink during the production thereof, e.g. through anodizing.
The efliciency of the heat dissipation can also be further
increased through this embodiment.

Depending on the embodiment, the connecting element
can have a predefined elasticity and/or 1t can be seli-
adhering and/or 1t can be removed without residue and/or 1t
can be electrically conductive and/or 1t can be 1n the form of
a thermally conductive film. By way of example, the con-
necting element can be selected concretely on the basis of or
by defimng the (desired) elasticity. Additionally or alterna-
tively, the 1nsulation layer can be a metallic oxide layer. As
a result of this embodiment, the efort required for produc-
ing, installing or removing the electronics module can be
reduced. Furthermore, 1irregularities 1n the respective surface
quality of the heat sink and the cooling plate can be
compensated for in a simple manner as a result.
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According to another embodiment, the cooling plate can
be materially bonded to the first cooling surface and/or the
second cooling surface, in particular by soldering and/or
adhesive. This results 1n a significant improvement in the
thermal conductivity between the first cooling surface and
the cooling plate or between the second cooling surface and
the cooling plate.

Furthermore, the electronics module can have a housing
for accommodating the electronics module. The housing can
be made of plastic or metal, or both, for example. By way
of example, the housing can be fluid-tight. As a result of this
embodiment, the electronics module can be protected
against environmental eflects and mechanical damage.

The heat sink can be part of the housing. As a result, the
clectronics module can be extremely compact.

It 1s particularly advantageous when the housing 1s
formed by spraying the electronics module with a housing
material. A housing material can be a plastic or a composite
containing plastic.

As a result, the housing can be produced particularly
inexpensively and in a compact manner.

The approach presented herein lastly provides a method
for producing an electronics module for power control,
wherein the method comprises the following steps:

placing a cooling plate between a heat sink and a carrier
clement, which has at least a first power switch element with
a lirst cooling surface and a second power switch element
with a second cooling surface; and

connecting the cooling plate to the first cooling surface,
the second cooling surface and the heat sink 1n a thermally
conductive manner 1 order to produce the electronics
module.

A computer program with program code 1s also advanta-
geous, which can be stored on a machine-readable carrier,
¢.g. a semiconductor memory, a hard disk memory, or an
optical memory, and can be used for executing the method
according to any of the embodiments described above, when
the program 1s executed on a computer or a device.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention shall be explained 1n greater detail based on
the attached drawings. Therein:

FIG. 1 shows a schematic cross section view of an
clectronics module according to one exemplary embodiment
of the present invention;

FIG. 2 shows a schematic cross section view ol an
clectronics module according to another exemplary embodi-
ment of the present invention; and

FIG. 3 shows a flow chart for a method for producing an
clectronics module according to an exemplary embodiment
ol the present invention.

DETAILED DESCRIPTION

In the following description of preferred exemplary
embodiments of the present invention, the same or similar
reference symbols are used for the elements shown in the
various figures and having similar functions, wherein the
descriptions of these elements will not be repeated.

FIG. 1 shows a schematic cross section of an electronics
module 100 for power control according to an exemplary
embodiment of the present invention. The electronics mod-
ule 100, e.g. a component of an electric control device or a
power electronics element for an (electric) vehicle, com-
prises a carrier element 102, also referred to as a circuit
carrier, populated according to this exemplary embodiment
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on one side with a first power switch element 104 with a first
cooling surface 106, a second power switch element 108
with a second cooling surface 110, and a third power switch
clement 112 with a third cooling surface 114. The cooling
surfaces 106, 110, 114 dissipate heat via respective surfaces
of the power switch elements 104, 108, 112 facing away
from the carrier element 102, also referred to as Top Side
Cooling. The power switch elements 104, 108, 112 are
MOSEFET outputs.

By way of example, the three cooling surfaces 106, 110,
114 are connected 1n a thermally conductive manner to a first
contact surface 120 of a cooling plate 122, e.g. a copper
plate, through soldering at a soldering point 118. Alterna-
tively, the cooling surfaces 106, 110, 114 are materially
bonded to the first contact surface 120 with adhesive. As a
result, the cooling surfaces 106, 110, 114 are thermally
coupled to one another via the cooling plate 122. Because
the cooling plate 122 also extends over regions of the carrier
clement 102 lying between the power switch elements 104,
108, 112, the heat dissipation via the cooling plate 122 1s
particularly eflicient, because an overall surface of the
cooling plate 122 i1s significantly larger than an overall
surface of the cooling surfaces 106, 110, 114 or an overall
surface of separate cooling plates attached to each of the
power switch elements.

A second contact surface 124 of the cooling plate 122
lying opposite the first contact surface 120 forms a thermally
conductive contact for a heat sink 126, formed, for example,
by a section of the undersurface of the housing for the
clectronics module 100, e.g. a heat sink or a cooling element.

According to this exemplary embodiment, the heat sink
126 and the cooling plate 122 are thermally coupled to one
another via an optional connecting element 128 in the form
of a gap filler. This 1s a solid or paste-like filler, 1n particular,
through which a thermal resistance between the cooling
plate 122 and the heat sink 126 1s minimized. The gap filler
can be compressed, and 1s elastic. As a result, the formation
of gaps caused by tolerances, differences i1n installation
space, or different expansion coetlicients between the cool-
ing plate 122 and the heat sink 1s permanently prevented. As
a result of the defined elasticity of the gap filler, a corre-
sponding pressure 1s exerted toward the heat sink 126 on a
boundary surface of the cooling plate 122. Consequently, a
particularly eflicient thermal attachment can be obtained
with less pressure. Furthermore, the gap filler can also be
self-adhering, resulting 1n a simple pre-assembly. The gap
filler may also be able to be removed without residue,
depending on the embodiment. As a result, the electronics
module 100 can be removed easily.

With such a concept for the thermal attachment of the
power switch elements 104, 108, 112 to the heat sink 126,
here 1n the form of a thermally conductive interconnection,
comprising the cooling surfaces 106, 110, 114, the soldering
points 118, the cooling plate 122 and the connecting element
128, a particularly eflicient heat dissipation can be obtained
with an extremely compact structure of the electronics
module 100.

FIG. 2 shows a schematic cross section of an electronics
module 100 according to another exemplary embodiment of
the present invention. The structure of the electronics mod-
ule 100 shown in FIG. 2 corresponds substantially to the
structure described above 1n reference to FIG. 1, with the
difference that the electronics module 100 also has a housing
200 here, for accommodating components of the electronics
module 100. The housing 200 encompasses most of the
combination comprising the power switch elements 104,
108, 112, the cooling plate 122, the connecting element 128,
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and the heat sink 126. A surface section of the heat sink 126
facing away from the carrier element 102 1s exposed, 1n
order to enable an unobstructed heat exchange with the
environment of the electronics module 100.

The housing 200 1s formed, for example, by spraying the
clectronics module 100 with an appropriate housing mate-
rial, e.g. a thermosetting plastic or some other suitable
plastic, or composite containing plastic.

In addition, a surface section of the heat sink 126 facing
toward the carrier element 102 1s coated with an electrically
insulating layer 202. The insulating layer 202 1s obtained by
anodizing the heat sink 126 with a metallic oxide layer, also
referred to as an anodizing layer. In particular 1n combina-
tion with an electrically conductive connecting element 128,
a particularly eflicient heat dissipation 1s obtained via the
heat sink 126 in this manner.

The approach presented herein shall be summarized
below. The approach relates to a structural concept that
enables the power losses from semiconductors to be dissi-
pated ethiciently and 1n a space-saving manner.

In particular 1n power electronics, there 1s a demand for
more outputs, e.g. i the form of MOSFETS, to be connected
in parallel, due to the high-power output. As described
above, the power losses of the power switch elements 104,
108, 112 can be dissipated, e.g. via the connecting element
128, composed of an electrically insulating, thermally con-
ductive material, also referred to as a gap filler, to a heat
sink, e.g. an (aluminum) base of the housing 200 functioning
as a heat sink 126. The substantial thermal resistance 1s
determined by the following parameters: the thermal con-
ductivity of the connecting element 128, the distance
between the power switch elements and the heat sink, 1.e. to
the heat sink 126, and the sizes of the cooling surfaces 106,
110, 114.

Because available gap filler maternials that can be readily
processed are limited with regard to their conductivity, e.g.
to ca. 5 W/mK, and the distance cannot be substantially
reduced due to the tolerances in the overall system, e.g.
component tolerances or heat sink tolerances, the only
available measure for improvement 1s increasing the surface
area.

According to one particularly beneficial exemplary
embodiment of the present invention, a copper sheet in the
form of a copper plate 122 1s soldered to the power switch
elements 104, 108, 112, in order to thus obtain a substan-
tially larger thermal surface area. Because the soldering
connection 1s very thermally conductive, the heat that 1s to
be dissipated i1s transferred efliciently to the copper plate,
which dissipates the heat ethiciently, due to its eflective
thermal conductivity.

If an insulating gap filler 1n the form of a connecting
clement 1s also subsequently attached to the cooling plate
122, a substantially better thermal conductivity of the over-
all system 1s obtained due to the substantially greater effec-
tive surface area, despite a somewhat greater distance due to
the additional tolerance of the cooling plate 122.

Instead of copper sheet metal, other matenals that can be
soldered or attached with adhesive can also be used.

Insulating, thermally conductive matenals, e.g. thermal
films, can be used as the gap filler.

As a result of additional anodizing of the heat sink 126,
1.. by forming an electrically msulating oxide layer serving
as the nsulating layer 102, 1t 1s possible to use electrically
conductive gap filler materials, which have a substantially
higher thermal conductivity.

Optionally, the construction 1s sprayed, as shown in FIG.

2.
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The heat sink 126 1s designed, for example, as a compo-
nent of a radiator.

FIG. 3 shows a flow chart for a method 300 for producing
an electronics module according to an exemplary embodi-
ment, e.g. the electronics module described above 1n refer-
ence to FIGS. 1 and 2. In a first step 310, the cooling plate
1s placed between the heat sink and the carrier element, such
that the cooling plate lies opposite the respective cooling
surfaces of the power switch elements at one side, and
opposite the heat sink at the other side. In a second step 320,
the cooling plate 1s connected 1n a thermally conductive
manner to both the cooling plate and the cooling surfaces, as
well as the heat sink, m order to produce the electronics
module.

The exemplary embodiments described herein and shown
in the figures are selected merely by way of example.
Different exemplary embodiments can be combined with
one another, entirely or with regard to individual features.
Furthermore, one exemplary embodiment can also be
supplemented by the features of another exemplary embodi-
ment.

Furthermore, the method steps according to the invention
can be repeated, or executed 1n an order other than that
described herein.

If an exemplary embodiment comprises an “and/or” con-
junction between a first feature and a second feature, this can
be read to mean that the exemplary embodiment according
to one embodiment includes both the first feature and the
second feature, and according to another embodiment con-
tains either just the first feature or just the second feature.

REFERENCE SYMBOLS

100 electronics module

102 carrier element

104 first power switch element

106 first cooling surface

108 second power switch element

110 second cooling surface

112 third power switch element

114 third cooling surface

118 soldering point

120 first contact surface

122 cooling plate

124 second contact surface

126 heat sink

128 connecting element

200 housing

202 msulating layer

300 method for producing an electronics module
310 placement step

320 thermally conductive connecting step

The mmvention claimed 1s:

1. An electronics module for power control, wherein the

clectronics module comprises the following features:

a carrier element:;

a first power switch element electrically coupled to the
carrier element, the first power switch element having
a first cooling surface facing away from the carrier
element:;

a second power switch element electrically coupled to the
carrier element, the second power switch element hav-
ing a second cooling surface facing away from the
carrier element;

a heat sink; and

a cooling plate that connects the first cooling surface and
the second cooling surface to one another as well as to



US 11,062,972 B2

7

the heat sink in a thermally conductive manner,
wherein the cooling plate 1s electrically conductive
between a location where the cooling plate connects to
the first cooling surface and a location where the
cooling plate connects to the second cooling surface.

2. The electronics module according to claim 1, wherein
the first power switch element and the second power switch
clement each comprise at least one of a MOSFET, IGBT or
thyristor.

3. The electronics module according claim 1, wherein the
cooling plate at least one of comprises mostly copper or
COmprises copper as a main component.

4. The electronics module according to claim 1, further
comprising:

a connecting element comprising a filler material with a
predefined thermal resistance, wherein the connecting
clement connects the cooling plate and the heat sink to
one another 1n a thermally conductive manner.

5. The electronics module according to claim 4, further

comprising;

an electrically msulating layer that connects the connect-
ing element and the heat sink to one another 1 a
thermally conductive manner.

6. The electronics module according to claim 4, wherein
the connecting element has a predetermined elasticity and 1s
compressed by a pressure between the cooling plate and the
heat sink.

7. The electronics module according to claim 1, wherein
the cooling plate 1s matenally bonded to the first cooling
surface and the second cooling surface by at least one of
soldering or an adhesive.

8. The electronics module according to claim 1, further
comprising;

a housing for accommodating the electronics module.

9. The electronics module according to claim 8, wherein
the heat sink 1s part of the housing.

10. The electronics module according to claim 8, wherein
the housing 1s formed of a housing material that 1s sprayed
onto the electronics module.
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11. The electronics module according claim 2, wherein
the cooling plate at least one of comprises mostly copper or
comprises copper as a main component.

12. The electronics module according to claim 2, further
comprising:

a connecting element comprising a filler material with a

predefined thermal resistance, wherein the connecting

element connects the cooling plate and the heat sink to
one another 1n a thermally conductive manner.

13. The electronics module according to claim 3, further
comprising;

a connecting element comprising a filler material with a

predefined thermal resistance, wherein the connecting

clement connects the cooling plate and the heat sink to
one another 1n a thermally conductive manner.

14. The electronics module according to claim 4, wherein
the connecting element 1s electrically conductive.

15. The electronics module according to claim 3, wherein
the cooling plate 1s materially bonded to the first cooling
surface and the second cooling surface by at least one of
soldering or an adhesive.

16. The electronics module according to claim 3, further
comprising:

a housing for accommodating the electronics module.

17. The electronics module according to claim 8, wherein
a surface section of the heat sink facing away from the

carrier element 1s exposed through an exterior surface of the
housing.

18. The electronics module according to claim 17,
wherein the housing 1s formed of a housing material that 1s
sprayed onto the electronics module.

19. The electronics module according to claim 5, wherein
the 1msulating layer comprises a metallic oxide layer.

20. The electronics module according to claim 1, wherein
the carrier element comprises a printed circuit board (PCB).

G o e = x
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